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Introduction
In 2008, there were approximately 84400 new cases of nasopharyngeal carcinoma (NPC) and 51600 deaths from the disease worldwide. 1 The geographical disparities in the burden of NPC are notewor-thy, with incidence rates highest in East and Southeast Asia and lowest in Central America. 1 NPC may spread locally to involve the parapharyngeal soft tissue, base of skull or intracranial structures. The nasopharynx has a rich lymphatic plexus; 75% of patients present with enlarged cer-vical nodes, 80% of whom have bilateral involvement. 2 NPC has a relatively high incidence of systemic metastasis (up to 41%) when compared with the other head and neck tumors (5%-24%). The most common sites of metastases are bone (20%), lung (13%), and liver (9%). 3 NPC is staged non-surgically and treated primarily with radiotherapy (with or without chemotherapy). Accurate staging is essential as it influences the choice of treatment modalities, radiotherapy planning and prognosis. Combined modality treatment, as well as larger treatment volumes, invariably leads to greater toxicities. Although FDG-PET/ CT is sometimes used in the clinical management of NPC in preference to other imaging modalities, such computed tomography or bone scans, the magnitude of benefit of using FDG-PET/CT, if any, is unclear. Indications for its use in the clinic have been rather empirical than standardized in many centres, often in the setting of a diagnostic dilemma affecting treatment options after the use of conventional imaging modalities.
The American Joint Committee on Cancer (AJCC) T (Primary tumor) N (Regional lymph nodes) M (Distant Metastasis) system is one of the most widely used staging system internationally. 4 Conventional staging modalities may include MRI of the head and neck, contrast enhanced CT scans, liver ultrasound (US) and whole body radionuclide bone scan (WBBS). For M classification, one series reported the sensitivity and specificity for conventional workup (chest X-Ray, liver US, WBBS) to be 0.33 and 0.90 respectively; the same series reported CT of the thorax and abdomen with WBBS to be 0.67 and 0.92 respectively. 5 The National Comprehensive Cancer Network (NCCN) guidelines recommend gadolinium-enhanced MRI of the nasopharynx and neck as well as CT scan (if indicated, for T and N classifications). It recommends imaging of distant metastases in the chest, liver and bones (which may include PET scan and/or CT) for patients with N2-3 disease. It also suggests that FDG-PET/CT scan may be considered for patients with Stage III and IV disease. 6 The use of FDG-PET/CT has superseded standalone FDG-PET studies, by offering both functional and anatomic imaging, (for the initial staging and post-treatment assessments for a wide range of cancers). 7 Published individual studies in the medical literature have reported increased accuracy especially in detection of metastases but are less conclusive on local and regional staging. The role of FDG-PET/CT in the overall staging of pre-treated NPC remains to be validated. To our knowledge, only one systematic review and metaanalysis of six studies examining the accuracy of FDG-PET/CT in detection of distant metastasis in pre-treated NPC showed it to have a high sensitivity of 88% and specificity of 97% for M classification. 8 However, there were some limitations of this meta-analysis. Firstly, it did not address the accuracy of PET/CT scan for T and N classifications. Additionally, it excluded several publications in languages other than English 9,10 and finally, new data 11, 12 have been published since the meta-analysis.
The aim of our study was to perform a systematic review and meta-analysis of all relevant publications to determine the accuracy of FDG-PET/CT in the TNM staging of newly diagnosed treatment naïve NPC patients, with reference to conventional modalities and/or clinical follow up.
Materials and methods

Identification and eligibility of relevant studies
We included studies, without language restriction, that determined the sensitivity and specificity of FDG-PET/CT for TNM staging of pre-treated (biopsy proven) nasopharyngeal cancer, when compared to conventional staging modalities (i.e. MRI or CT scan of head and neck for T and N classifications, biopsy or clinical follow up of suspected metastases to regional lymph nodes or distant sites).
We searched MEDLINE, Cochrane CENTRAL register of controlled trials, Cochrane Database of systematic reviews, Chinese national knowledge infrastructure (CNKI) and China Biomedical Literature Disc (CBMDisc) from date of inception to September 2011 and meeting proceedings of American Society for Radiation Oncology (ASTRO) and American Society of Clinical Oncology (ASCO) from 2000 to September 2011).
We used a search algorithm that included the following terms: (1) PET OR 18F-FDG PET OR positron emission tomography; (2) nasopharyngeal cancer OR nasopharyngeal carcinoma OR cancer of the nasopharynx OR lymphoepithelioma; (3) staging OR detection OR lymph node OR metastasis OR TNM.
FDG-PET only studies were excluded. For N and M classifications, studies that did not provide sufficient information to construct 2 x 2 table for sensitivity and specificity calculations were excluded. For T classification, we chose to analyze the sensitivity of FDG-PET/CT, in comparison to the reference standard. (i.e verifying false positive and true negative results in a non-surgically staged tumor would be impossible, and likely not reported in published studies).
The most recent publication was chosen when data was presented in more than one publication.
Two reviewers (B.V and S.Y.Y) independently judged study eligibility and disagreements were resolved by discussion and if necessary by a third reviewer (L.K.M)
Data extraction
Two reviewers (B.V and S.Y.Y) extracted data from each eligible study independently using a standardized data extraction form and any disagreements were resolved by discussion or by appeal to a third reviewer (L.K.M).
Reviewers were not blinded with regard to information about the journal name, the authors, country of origin or the year of publication; as this has been shown to be unnecessary. 13 In addition, we recorded the following information: study design (retrospective/prospective), sample size, age and gender distribution, stage of patients included and reference tests used to define extent of disease. Publications looking at more than one aspect of classification were treated independently. In particular, we extracted the number of cases that were true positive, false negative, true negative and false positive. True positive was defined as both FDG-PET/CT and the reference test detecting presence of disease; true negative where neither test detected disease; false positive where FDG-PET/ CT detected disease but not the reference test and false negative where FDG-PET/CT failed to show disease detected by the reference test.
The methodological quality of each study was also independently assessed by B.V and S.Y.Y using the QUADAS tool. 14 This scale contains 14 items that examine potential sources of bias in diagnostic studies in a systematic evidence-based manner. Higher scores are suggestive of lower risk of bias in the study's methodology. Sensitivity analyses were performed after exclusion of retrospective studies, or studies with high risk of bias (QUADAS <10).
Statistical analysis
The accuracy of FDG-PET/CT in the staging of newly diagnosed NPC was determined by the combined estimates of sensitivity and specificity, pooled diagnostic odds ratio (DOR), summary receiver operating characteristic (SROC) curves and Q*-index. The degree of heterogeneity among the included studies was assessed visually (forest plots) and statistically (chi-square tests and I2 statistic). When significant heterogeneity was observed (P <0.05), a random effects model was applied. A random effects meta-regression model was used to compare sub-group estimates.
The traditional ROC graph explores the effect of varying thresholds on sensitivity and specificity from a single study, unlike each data point in the SROC graph which represents a separate study. Thus, the SROC graph gives us a global estimate of the diagnostic test's performance and illustrates the tradeoff between sensitivity and specificity. 15 Q*-index is the best statistical summary method to reflect the diagnostic value. It is defined by the point where sensitivity and specificity are equal, which is the point closest to the ideal top-left corner of the SROC curve. 16 The diagnostic odds ratio is a single indicator of test accuracy that combines data from sensitivity and specificity into a single number. It is the ratio of the odds of a positive test in a patient with disease relative to the odds of a positive test in a patient without disease and has a value that ranges from 0 to infinity, with higher values indicating better discriminatory test performance i.e. accuracy. A value of 1.0 indicates that the test does not discriminate between patients with and without the disease. 17 Subgroups to be analyzed were determined apriori, with the following reasons:
T classification. Contrast enhanced MRI is considered to the current gold standard for soft tissue involvement and intracranial extension. 18 A subgroup analysis was performed considering studies, which utilized MRI to be the only acceptable reference test (versus MRI or CT or clinical findings). This may be viewed as a non-inferiority comparison or concordance of FDG-PET/CT to MRI.
N classification. FDG-PET/CT may over or underestimate the involvement of retropharyngeal and paraphayngeal lymph nodes; possibly because of poor distinction from the primary nasopharyngeal tumour. 11 A subgroup analysis was done for studies looking primarily at cervical lymph nodal involvement versus non-cervical lymph nodes (i.e. retro/parapharyngeal). As neck dissection is not part of standard staging, it is unlikely to have histopathology as the reference standard. We performed a subgroup analysis to see if there was a difference between studies that required histology versus those that did not. M classification. We performed a subgroup analysis to determine if there was a difference between studies ies are summarized in Table 1 . 220 patients were included in the analysis of T classification, 559 patients in N classification and 385 in M classification. The mean age of the participants was 46.8 years and approximately 70.5% were male. All studies except three included patients of all stages. 11, 21, 22 Formal critical appraisal indicated that the methodological quality was high in three studies (QUADAS score ≥13), 11, 20, 26 moderate in seven studies (QUADAS score 10-12) 5, 11, 19, 22, 23, 25, 27 and low in five studies (QUADAS <10). 9, 10, 12, 19, 21 Studies looking at more than one aspect of classification were assessed independently for quality. Most studies had a suboptimal design or insufficient description with regards to question 12 (100% no or unclear), question 11 (63% no or unclear) and question 4 (74% no or unclear).
All studies had a cross sectional design and ten of the 15 studies were conducted prospectively. 5, [20] [21] [22] [23] [24] [25] [26] [27] [28] Accuracy T classification. Based on the combined data from five available studies that evaluated the T-classification our analysis revealed a sensitivity of 0.77(95% CI 0.59-0.95) while no specificity level could be ascertained ( Figure 2 ). Four (of the five) studies did not report false positive results hence preventing us from calculating the specificity for T classification. [19] [20] [21] [22] Subgroup analysis revealed the sensitivity of FDG-PET/CT was lower when compared to MRI alone; however, this was not statistically significant (0.65 vs. 0.86, P=0.214). The sensitivity results on T classification were similar with exclusion of the two low quality studies, 19, 21 or the two retrospective studies. 11, 19 N classification. The combined sensitivity estimate for N classification is 0.84 (95% CI 0.76-0.91) and specificity 0.90 (95% CI 0.83-0.97). The pooled DOR for N classification was 82.4 (23.2-292.6). The Q*-index was 0.90 (SE 0.03) ( Figure 3 ). The reference standards used for N classification varied amongst studies. MRI neck was the most frequently used reference standard. 11, 24, 26, 27 Two studies relied on clinical follow up to be their reference standard, 23, 25 and 2 other studies required histological confirmation though fine needle aspiration of involved cervical nodes. 10, 20 One study used contrast enhanced CT to be their reference standard 19 , which is considered to be inferior to MRI. 29, 30 The effect on sensitivity was significantly lower for studies assessing retro/parapharyngeal nodal involvement (0.94 vs. 0.44, p<0.001) whereas specificity did not differ significantly (0.85 vs. 1.00, which relied solely on clinical follow-up as the reference standard versus those which required histology.
Analyses were performed using META-DISC version 1.4 (XI Cochrane Colloquium; Barcelona, Spain) 16 and STATA version 11.2 (Stata Corp, College Station, Tx, USA) and level of significance set at 5%.
Results
Study selection and description
We identified 15 studies including 851 patients using the search strategy summarized in Figure 1 . Five studies addressed the local extent of the primary tumor (T). 11, [19] [20] [21] [22] Nine studies dealt with regional nodal classification, including retropharyngeal lymph nodal involvement (N). 10, 11, 19, 20, [23] [24] [25] [26] [27] Seven studies dealt with distant metastatic classification (M). 5, [9] [10] [11] [12] 19, 28 One study was excluded from (M) as it potentially had overlapping data sets. 20 Nine studies were published in the English language. 5, 9, 11, 12, [19] [20] [21] 27, 28 One study was published as an abstract form. 10 The characteristics of the 15 stud- P=0.305). There was no significant difference in sensitivity or specificity between studies that required histological confirmation (0.93 vs. 0.82, P=0.666; 0.82 vs. 0.91, P=0.533). The sensitivity and specificity results on N classification were similar with exclusion of two low quality studies, 10, 19 or the three retrospective studies. 10, 11, 19 M classification. The combined sensitivity estimate for M classification is 0.87 (95% CI 0.74-1.00), and specificity 0.98 (95% CI 0.96-1.00). The pooled DOR for M classification is 120.9 (43.0-340.0). The Q*-index is 0.92 (SE 0.02) ( Figure 4 ). All studies used either histological proof or clinical follow up (range 6-17 months) to define true positive and true negative lesions. Two studies used clinical fol-low up alone, 10, 12 and the duration was not reported. The mean time of follow up for the remaining studies was 12 months. Subgroup analysis did not show any significant differences for pooled sensitivity or specificity (1.00 vs. 0.84, P= 0.996; 0.99 vs. 0.98, P=0.531). Sensitivity analysis showed that the results on M classification were similar with exclusion of the three low quality studies, 9, 10, 12 or the five retrospective studies. [9] [10] [11] [12] 19 
Discussion
This meta-analysis suggests that FDG-PET/CT has excellent sensitivity and specificity compared to conventional staging modalities for N and M but not for T classification of NPC. We observed that FDG-PET/CT might be less accurate to determine involvement of para/retropharyngeal lymph nodes, although this estimate may be imprecise owing to relatively small number of studies.
Compared to other published meta-analyses investigating the accuracy of FDG-PET/CT, our results showed similar results for M classification but superior results for N classification. Nevertheless, we should note there are intrinsic differences. Kyazs et al. looked at the utility of FDG-PET (without combined CT) for cervical nodal metastasis in squamous cell head and neck cancer, referencing it against surgical specimens. 31 The review did not find good evidence to support the routine use of pretreatment evaluation FDG PET. They reported an overall sensitivity and specificity of 0.79 and 0.86 respectively. The sensitivity was significantly lower in the clinically negative neck (0.50).
The variation in reported results may be due to the improved accuracy of integrated FDG-PET/CT versus stand-alone FDG-PET, differing reference standards (conventional methods versus surgical specimen) and differing primaries (NPC versus non-NPC). Our results did not differ after the inclusion of Chinese language publications for M classification, as previously reported by Xu and colleagues. 8 The strengths of this study are that it addresses a pragmatic question, incorporates recently published data, includes Chinese language based publications, has a standardized study quality assessment, and has a pre-planned sub-group analysis to address potential sources of heterogeneity. Additionally, sensitivity analyses showed consistent results, suggesting the robustness of the findings.
There are some limitations of this meta-analysis. Firstly, our review was based on published results and not individual patient data. Secondly, the imaging reference standards used for T and N classifications were heterogeneous and subject to interpretation. The follow up time for M classification varied (6-17 months) and there was no consistent follow up strategy. Lastly, the included studies were heterogeneous in design though the majority of the studies were of low-moderate risk of bias based on the QUADAS assessment. In conclusion, FDG-PET/CT showed good accuracy in N and M but not T classification for newly diagnosed pre-treated NPC. While head and neck MRI is still recommended for T classification, FDG-PET/CT is accurate for clinical staging of regional nodes and distant disease and can be considered as an alternative standard of care wherever available. The diagnostic superiority of FDG-PET/CT over conventional staging modalities for detection of metastatic disease makes for more accurate disease prognostication and optimization of treatment strategy. The additional information derived from the FDG-PET/CT can also potentially aid neck nodal target delineation. FDG-PET/CT, together with MRI of the head and neck, has become part of the routine staging investigations for NPC at our centre. Future research should investigate the accuracy of FDG-PET/MRI as a single staging modality for NPC. 32, 33 A B C D 
